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Editorial Comment

Is Obesity Due to a Heritable Difference in
'Set Point' for Adiposity?

RUDOLPH L LEIBEL, MD, New York

Adipose tissue lipid content reflects the long-term bal-
ance between energy intake and output. Small positive

imbalances in this relationship over long periods of time can
result in the accumulation of large amounts of excess fat.
An adult human ingests about 214,000 kilojoules (900,000
kilocalories) per year. The caloric content of adipose tissue
is about 1.7 kJ (7 kcal) per gram. Thus, a cumulative "error"
in the balance of energy intake and output of as little as 5%
could result in accumulations (or losses) of 6 kg of adipose
tissue per year. Body weight or composition in "free-
feeding" humans generally does not show yearly fluctua-
tions of this magnitude. In fact, body weight remains re-
markably stable over long periods of time, even in the
absence of conscious efforts to control it, and experimental
perturbations ofbody weight are met by resistive metabolic
forces tending to return body composition to its starting
state.1 2 Observations of this sort have been taken as evi-
dence for the existence of a "set point" for body fatness,
though alternative possibilities3 have been suggested.

Is there a set point for fatness in humans or animals? If
so, what is regulated (fat cell size, number, total fat mass),
what is sensed (a metabolite of fat, a peptide secreted by
fat), and where is the sensor (brain, liver)? Although many
provocative experiments have been done that probed these
possibilities, the answers to these questions are not known.
A number of animal models support the idea of a set

point for adiposity. Specific regions within the brain regu-
late food intake and play a role in metabolic efficiency.4 The
latter influence may be mediated by autonomic efferents.5
Although it is clear that anatomically diverse regions of the
central nervous system participate in feeding behavior, the
function of the ventromedial and lateral aspects of the hy-
pothalamus provides a good paradigm for the existence of
such sites within the brain.6 Ablative lesions of the ventro-
medial and lateral aspects of the hypothalamus result in
respective increases and decreases in body fat that reflect
coordinate changes in both food intake and energy expendi-
ture.7 The fact that such lesions cause alterations in both
food intake and energy efficiency has suggested that these
regions of the brain may subserve a set-point function,
rather than controlling a single efferent or afferent limb
(such as food intake or energy efficiency) of the regulatory
process. Animals with lesions in these parts of the central
nervous system generally regulate their weights normally
about the new set points created by ablative procedures.
This phenomenon again supports the notion of a central
regulator of adiposity per se.'

Genetically obese rodents include autosomal dominant

(Yellow and Adipose mice), recessive mutations (obese, dia-
betic, fat, and tubby mice; fatty rats), and "polygene" obese
mice such as the New Zealand Obese.8 The existence of
these mutations indicates that in a mammalian system,
obesity or diabetes mellitus, or both, may result from a
single gene mutation. Human syndromes such as the
Prader-Willi and Bardet-Biedl syndromes indicate, like-
wise, that a purely genetic basis may exist for some (very
rare) forms of human obesity.9-"1

The rodent mutations are particularly intriguing be-
cause they represent potential access to single genes regu-
lating energy homeostasis that generate phenotypes (hy-
perphagia and increased energy efficiency) closely
resembling those seen in obese humans. Similar pheno-
types are produced by mutations occurring on four different
chromosomes in mice, suggesting that these genetic loci
may all subserve a single regulatory pathway. 12 Evidence in
support of this idea comes from parabiosis (shared blood
flow) experiments in mice that suggest that the ob (chromo-
some 6) locus codes for a circulating satiety factor for which
the db (chromosome 4) locus product is the receptor."3 An
additional important phenotypic aspect of these animals is
the longer survival of heterozygotes (ob) during a total
fast,14 a finding consistent with a putative selective advan-
tage conferred by a "thrifty" genotype.15

The severity ofthe diabetes that develops in these mice is
highly dependent on the background strain on which the
gene is engrafted. Thus, ob/ob on the C57BL/6J back-
ground produces obese mice with transient insulin resist-
ance, which is compensated by pancreatic (-cell hypertro-
phy. On the C57BL/KsJ background, homozygosity for ob
results in severe diabetes with ultimate pancreatic failure
((-cell atrophy) and shortening of the lifespan.16 A wide
variation in phenotype for a single mutant allele, due to
modulating effects of the background genome, suggests
that a few allelic variants of these genes, segregating in the
human population, might be sufficient to account for the
heritability of obesity and diabetes.

Efforts to quantify the heritability of obesity in humans
are confounded by problems that derive from the (appar-
ent) polygene contributions to phenotype, the powerful ef-
fects of environmental circumstance on the penetrance of
whatever gene(s) may be involved, and the experimental
use of phenotypes (such as weight or weight-for-height
constructs) that do not make the fine distinctions (such as
body composition, energy efficiency, hedonic factors in
food intake) necessary to identify differences that may de-
fine subsets of causes. A variety of studies, including those
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of twins and adopted children, find that between 5% and
80% of the variance in adiposity is attributable to
genotype.'7-20 A portion of the wide range of values is due to
the failure to distinguish total transmissible variances
(which includes genotype plus environmental interactions)
from pure, additive genetic effects.19 The genetic influence
on body shape (distribution of fat) appears to be as strong
as or stronger than that for total body fat.'9 Strong genetic
contributions have also been shown for fat deposition dur-
ing overfeeding and for energy expenditure at low levels of
exercise.2' Experiments in animals suggest that early nutri-
tional experiences may influence the penetrance of obesity-
producing genes (such as in Zucker rats) in older animals,22
and studies in humans suggest qualitatively similar effects
of the prenatal environment.2324 In the aggregate, however,
studies of feeding practices and rates of weight gain in in-
fancy have not suggested an important role for either of
these factors in the risk of obesity in childhood or adoles-
cence.25

In the case of the control of body composition, it is clear
that the phenotype is a changeable reflection of complex
interactions of genotype and environment. Industrialized
cultures, with their ready access to calorically dense foods
and the diminished need for physical exertion, are optimal
environments for the maximum expression of genetic pre-
dispositions to the maintenance of high levels of body fat-
ness.

In this issue of the journal, Weigle takes positions that
are implicitly influenced by some of the physiologic and
genetic considerations described above.26 Several specific
points concerning his arguments may be made:

* What is the proper approach to the management of
moderate degrees of obesity? As indicated by Weigle's dis-
cussion, there is considerable debate about the health risks
of mild to moderate adiposity-that is, 110% to 130%
above "desirable" body weight. The U- or J-shape of the
relationship between body weight (or body mass index
[BMI]) and all-cause mortality demonstrated by various
epidemiologic studies is largely an artifact of the failure to
control for one or more of the following variables: cigarette
smoking; inappropriate factoring out of the biologic effects
of obesity that confer mortality as intervening variables
(hypertension); and a failure to control for weight loss due
to subclinical disease.27 When these are considered, it ap-
pears that "minimum mortality occurs at weights at least
10% lower than US average weights," and that even mild
degrees of obesity confer an increased mortality risk.27 This
argument has resurfaced in a paper published since Weigle
wrote his review. In a large eight-year prospective study of
115,886 nurses 30 to 55 years of age, even mild degrees of
obesity were associated with a 20% to 30% increased coro-
nary artery disease risk; there was no broad plateau in lower
portions of the function relating BMI to coronary artery
disease risk. Women with the lowest BMIs (< 21) had the
lowest risk of coronary events, and rates increased for all
quintiles with higher BMIs. Thus, there did not appear to be
a "safe" level of mild adiposity in this study.28

* It has been difficult to show an important adverse
metabolic consequence of obesity separate from those con-
veyed by this condition's effects on blood pressure and car-
bohydrate and lipid homeostasis. Whether such an influ-
ence exists is of biologic interest but probably of little
therapeutic significance. The medical consequences of obe-
sity can, in most instances, be treated by weight reduction,
medication, or a combination of the two. Given the appar-
ent adverse consequences ofeven modest degrees of obesity,

it seems important to counsel prevention, remembering
that childhood obesity is not necessarily a good predictor of
obesity in adulthood29 and that an overaggressive restric-
tion of calories in a child can restrict the growth of lean
tissues.25 In adults, conscientious efforts at weight control
should be recommended for virtually all obese persons-
perhaps with special attention to those showing evidence of
adverse medical consequences of their excess adiposity. The
likelihood of success is clearly greatest in those with the
least severe obesity. In instances where the maintenance of
reduced weight proves impossible, attention should be
shifted to pharmacologic treatment of the medical conse-
quences of obesity because they convey the major portion of
the risk attributable to obesity.

* Body shape (distribution of fat) conveys a substantial
part of the medical risk associated with obesity. Careful
studies by Kissebah and collaborators have documented a
reduction in hepatic insulin extraction in persons with
upper-body obesity leading to peripheral hyperinsulinemia
and diminished peripheral insulin sensitivity.30 This group
has also shown evidence of a role for circulating androgens
in the preferential deposition of intra-abdominal fat.3' Body
shape changes little following weight reduction in adults, so
that "apples" and "pears" tend to become reduced versions
of the same fruit.3233 Despite this, weight reduction leads to
improvement in these medical risk factors, suggesting that
absolute abdominal adiposity is more important than is
relative (waist:hip ratio) adiposity in this regard. For that
reason, normative data should be developed relating the
abdominal circumference to a power function of stature-
comparable to the body mass index (weight:
height2)-rather than relying on the waist:hip ratio, which
does not give as direct a measure of absolute abdominal
adiposity.

* The enhanced energy efficiency of formerly obese per-
sons apparently contributes to the high recidivism rate to
obesity.34'35 It is not yet clear to which metabolic compart-
ment(s) this enhanced efficiency may be attributed. It ap-
pears, however, that physical activity (total motion, me-
chanical efficiency, or both), rather than resting metabolic
rate or the thermic effect of feeding, is the most likely candi-
date.36 Whether these differences precede-and may there-
fore be causal of-obesity is not known. Studies in both
infants37 and adults38 suggest that low energy output pre-
cedes the onset of obesity. The existence of such enhanced
energy efficiency cannot, however, be the complete answer.
Still unexplained is why energy intake does not simply de-
crease to match the lower energy output, thus preventing
the imbalance of intake versus output that leads to obesity.
This discordance of food intake and energy output high-
lights the critical interaction of behavior and metabolism in
the pathophysiology of obesity and indicates the concep-
tual error inherent in efforts to define obesity as exclusively
a disorder of either behavior or metabolism.39

The set point does not seem to encode a specific level of
food intake or energy output but rather an amount or pro-
portion of fatness. Thus, obese and never-obese persons
regulate normally about their "usual" body compositions,
making adjustments in food intake and energy expenditure
that are appropriate to the maintenance of that degree of
weight. Intake and output become matched once a specified
level of fat storage is achieved.38 An understanding of the
biomolecular basis for this regulatory process may ulti-
mately enable its developmental or pharmacologic manipu-
lation. Meanwhile, conscientious, lifelong attention to diet
and levels of physical activity must be employed to defeat
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the biologic drive to high levels of adiposity and to enhance
the quality and length of life in those to whom nature may
have dealt a high "set point."
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